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(54) HYBRID VEHICLE AND METHOD OF CONTROLLING THE TRAVEL OF THE VEHICLE 



(57) A hybrid vehicle (1) including an internal com- 
bustion engine and electric motors and selectively uses 
them as a running drive source according to a running 
state. When one of wheels (5) driven by an engine (7) 
skids to rotate excessively, a motor (13) connected to 
that wheel is caused to make a regenerative operation 
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to remedy the skid of the wheel, and running traction 
made insufficient due to the skid is compensated by 
driving another wheel (4) by a motor (12) of another 
wheel by using electric energy recovered by the regen- 
erative operation. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a hybrid 
vehicle which has an internal combustion engine and 
electric motors and has its energy utilization efficiency 
enhanced so to improve its running efficiency and per- 
formance. 

BACKGROUND ART 

[0002] Recently, a hybrid vehicle which reduces an 
amount of carbon dioxide emissions and is practical is 
attracting attention. 

[0003] Specifically, the conventional internal com- 
bustion engine used for vehicles such as automobiles is 
low in a total efficiency because it is operated in a wide 
load range and a wide range of the number of rotations 
of the engine. And when the vehicle is temporarily 
stopped, the engine is generally not fully stopped but 
kept in an idling state because it is desired that the vehi- 
cle can be started immediately, a trouble of restarting 
the engine is omitted and the like. And. fuel consump- 
tion while idling and exhaust gas produced as a result 
are issues not negligible in view of environment and 
energy saving. Particularly, such problems are increas- 
ing in city areas where traffic jams are often caused. 
[0004] Furthermore, when a running speed is 
largely changed, namely when the vehicle is abruptly 
started or abruptly accelerated from a relatively slow 
speed, the engine efficiency may be lowered and the 
fuel consumption is degraded. 
[0005] Therefore, a hybrid system which is suc- 
ceeded and developed from a drive system which com- 
bines different types of power used for aircraft, ships 
and the like has lately attracted attention. 
[0006] This running system is configured to have a 
conventional internal combustion engine and an electric 
motor which is a clean power source within a vehicle 
and to utilize the advantages of both of them to their 
maximum extent and also to compensate their disad- 
vantages. 

[0007] There have been proposed a series hybrid 
which uses the above two drive sources in series and a 
parallel hybrid using them in parallel. 
[0008] There is also proposed a hybrid system 
which is provided with a distribution mechanism which 
can use for example a planetary gear mechanism to 
variably distribute the engine output into two systems as 
desired. 

[0009] This system is designed to operate the 
engine in its best condition in view of efficiency, namely 
fuel consumption, and if the engine output is excessive 
in view of a running condition, the excess output of the 
engine is converted into electrical energy by using the 
electric motor as a generator and recovered and accu- 
mulated in a battery, and if the engine output is insuffi- 



cient, the insufficient traction is supplemented by the 
electric motor. 

[001 0] But, production of the planetary gear mech- 
anism requires high precision and it is expensive. And 

5 the running traction required depending on running con- 
ditions is always based on a balance of the driving force 
of the engine and the driving force recovered or added 
by the motor. Therefore, a variety of controls, particu- 
larly motor control, becomes complex. 

w [001 1] And, the conventional engine vehicle gener- 
ally has a traction control for controlling to have an opti- 
mum traction depending on a road surface condition 
and to improve gripping performance of the drive 
wheels so that the drive wheels do not skid (spin) or the 

75 vehicle does not become unstable to run due to a bad 
road or the like. 

[0012] Specifically, when the vehicle is running 
along a snowed road or a slippery road surface due to 
freezing, the drive wheels skid, and its running control is 
20 disabled or it cannot run depending on a level of skid or 
a running posture. Particularly, such tendencies are 
enhanced when the vehicle is started, accelerated or 
sharply cornered. 

[0013] For example, feedback control is performed 
25 to decrease a throttle valve opening based on a slip 
ratio of the drive wheels, braking control of the drive 
wheels is performed to properly control the driving force 
of the vehicle so to decrease the skids of the drive 
wheels. 

30 [0014] But, the traction control based on such a 
mechanical structure delays to respond and is not satis- 
factory for controlling. 

[001 5] The braking control of the drive wheels is not 
good in view of energy efficiency. In other words, kinetic 
35 energy decreased by braking the drive wheels is lost 
completely. 

[0016] Furthermore, when any of the wheels skids 
in the same way as above, a gripping state of that wheel 
is resumed normal by the aforesaid skid remedying 

40 operation, but a total of running driving forces of all the 
drive wheels becomes lower than before, and a drive 
balance is lost. Therefore, the running control is not lost 
but the running performance of the vehicle is lowered. 
[001 7] Accordingly, it is an object of a first invention 

45 to provide a hybrid vehicle which can improve energy 
efficiency and prevent the running performance from 
lowering to remedy poor behavior of the vehicle at 
occurrence of a skid. 

[0018] This type of hybrid vehicle can run in three 
so ways by the engine only, by the electric motors only and 

by the engine as well as the electric motors. 

[0019] The conventional hybrid vehicle generally 

has an electric motor disposed between the clutch of 

the engine and the transmission or between the engine 
55 and the clutch to transmit a combined force of the 

engine and electric motor outputs to the drive wheels 

through the transmission to rotate them. 

[0020] Therefore, the operations of the transmis- 
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sion and the clutch are canon between the engine and 
the electric motor and almost free from making an 
improper operation. 

[0021 ] Recently, there is developed a hybrid vehicle 
in which the drive system of the electric motor adopts 
another transmission line. In other words, the drive sys- 
tem of the engine is connected to the drive wheels 
through the clutch, the transmission and the like, while 
the drive system of the electric motor is connected at 
some midpoint thereof to the engine drive system or 
directly connected to the drive wheels. 
[0022] In the hybrid vehicle which has the drive sys- 
tem of the electric motor and connected to the drive 
wheels through anpther reduction gear, its operations 
(selection of forward, reverse and gear change ratio) are 
different in the running by the engine only, the running 
by the engine and the electric motor, and the running by 
the electric motor only. Therefore, it may require two 
types of operation systems, and those operation sys- 
tems are sometimes operated erroneously. 
[0023] Therefore, it is an object of a second inven- 
tion to provide a hybrid vehicle which can make opera- 
tions (selection of forward, reverse and gear change 
ratio) of an engine and electric motors without making a 
mistake, and the operations can be made rationally, 
e.g.. while the vehicle is running. 
[0024] The conventional engine-mounted vehicle 
uses a so-called traction control system (hereinafter 
called TCS) to control a spin when it is caused as the 
drive wheels skid due to some reasons such as abrupt 
start on a road having a low coefficient of friction, a bad 
road or the like. 

[0025] TCS controls the engine output or the brakes 
to control the drive wheels by judging that the drive 
wheels are spinning in view of a difference caused due 
to an abrupt increase of the drive wheel speed from the 
vehicle body speed presumed from the driven wheel 
speed, back-and-forth acceleration or the like. 
[0026] Specifically, the engine control system is 
provided with a throttle (hereinafter called a first throttle) 
which responds to the accelerator pedal operated by 
the driver and also a throttle (hereinafter called a sec- 
ond throttle) operated based on the result judged by an 
arithmetic unit. The second throttle is operated when 
the speed of the drive wheels exceeds the engine con- 
trol setting speed determined in view of a difference of 
speed or the like from the vehicle body speed. 
[0027] A control system of braking has a brake 
(hereinafter called a second brake) operated on the 
basis of a result judged by the arithmetic unit in addition 
to a foot brake operated by the driver. The second brake 
is operated when the speed exceeds a brake control 
setting speed which is determined independent of the 
engine control setting speed. 

[0028] And. when the driver opens the first throttle 
and the drive wheels have skids, the arithmetic unit 
judges that the drive wheels are spinning if the speed of 
the drive wheels exceeds the engine control setting 



speed and lowers the engine output by means of the 
second throttle to decrease the speed of the drive 
wheels so to remedy the spins. 
[0029] And, when the drive wheels have heavy 
5 skids, namely the drive wheel speed exceeds the 
engine control setting speed and the brake control set- 
ting speed, a brake fluid pressure of the pertinent drive 
wheel is increased to control the drive wheel (operation 
of the second brake). 
io [0030] In addition to the control using the second 
throttle, there are also available a method of controlling 
by the arithmetic unit by means of throttle-by-wire and a 
method of controlling an amount of fuel injection. 
[0031 ] Recently, there is also used a function which 
75 is called a vehicle stability control (hereinafter called 
VSC) which detects a lateral acceleration (yaw rate) of 
the vehicle while steering and turning, changes the 
torque to the right and left drive wheels or brakes before 
the vehicle spins in the same way as the above traction 
20 control, thereby controlling the stability of the vehicle. 
[0032] It is also considered to use the above TCS or 
VSC for the hybrid vehicle. When the engine output is 
controlled by the TCS or VSC. there is a disadvantage 
that there.is a time lag between the application of con- 
25 trol to the throttle and fuel injection and the actual reac- 
tion of output due to a factor such as inertia or the like. 
Therefore, before using the conventional TCS or VSC. it 
is desired to use the electric motor to control spin of the 
drive wheel or to control to prevent the spin. 
30 [0033] Particularly, when the brake control is made 
by the TCS, a reaction speed to the control is faster than 
the engine control, but when a situation to reach the 
brake control setting speed is continuously made, the 
brakes generate heat, possibly resulting in fading. In 
35 other words, energy is abandoned as heat and a suffi- 
cient braking force may not be obtained. Therefore, its 
use is limited. 

[0034] Accordingly, it is an object of a third invention 
to provide a hybrid vehicle and a method of controlling 

40 its running which can improve energy efficiency and 
prevent the running performance from lowering so to 
make the spin control or spin prevention control of the 
drive wheels by using an electric motor, both an electric 
motor and TCS or VSC, or an electric motor before TCS 

45 or VSC. 

[0035] As described above, this type of hybrid vehi- 
cle is generally provided with three types of running pat- 
terns such as running by an engine only, an electric 
motor only, and an engine and an electric motor. 

50 [0036] To run by the engine, the rotations of the 
engine are transmitted to the transmission through the 
clutch, and the drive wheels are driven to rotate by the 
rotation force converted by the transmission. And, to run 
by the electric motor or to run by the electric motor and 

55 the engine, the rotation torque is increased by increas- 
ing the current value of the electric motor according to a 
stepped-on quantity of the accelerator pedal by the 
driver, namely an accelerator opening angle. 
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[0037] And. the manual transmission of the conven- 
tional hybrid vehicle is generally the one used for an 
ordinary engine vehicle. 

[0038] When such a hybrid vehicle which is running 
by the engine (including the combined use of the elec- 
tric motor) does not use the engine to go down a long 
downward slope, the engine brake is generally operat- 
ing. Therefore, the kinetic energy of the vehicle is partly 
lost as a mechanical loss of the engine. 
[0039] Accordingly, it is an object of a fourth inven- 
tion to provide a hybrid vehicle which can avoid a loss of 
the kinetic energy. 

[0040] In the conventional hybrid vehicle, the power 
transmission of the electric motor is generally effected 
upstream of the clutch, namely the power transmission 
is performed through the differential gear. Therefore, the 
space for mounting the electric motor must be secured, 
and the number of components to some extent are 
required. 

[0041] Therefore, the fourth invention aims to pro- 
vide a hybrid vehicle that the power transmission of the 
electric motor is not effected through the differential 
gear but in the vicinity of the drive wheels so to save the 
space for mounting the electric motor and to decrease 
the number of components. 

DISCLOSURE OF THE INVENTION 

[0042] The first invention is a hybrid vehicle includ- 
ing an engine operated by burning a fuel and electric 
motors operated by electric energy, characterized in 
that at least a pair of right and left wheels are linked with 
both an engine drive system and a motor drive system; 
and when either of the wheels skids to rotate exces- 
sively while the vehicle is driven by the engine, the 
motor connected to that wheel is made to effect regen- 
erative operation to brake it so to remedy the skid of the 
wheel. 

[0043] By configuring as described above, when 
any of the running wheels driven by the engine causes 
skid to rotate excessively while the engine is run, the 
motor connected to that running wheel is made the 
regenerative operation, so that the speed is decreased 
to remedy the skid of the running wheel. 
[0044] And, this operation is an electrical operation 
of the electric motor, excelling in quick response and 
enabling to take secure measures. Therefore, the skid 
can be remedied securely and quickly. Thus, stable run- 
ning can be made when the vehicle is driven by the 
engine at a relatively high speed, the running perform- 
ance can be improved, and it is favorable in view of 
safety. 

[0045] The first invention is also the hybrid vehicle, 
wherein running traction which becomes insufficient 
due to the skid is supplemented by driving the other 
wheel by the motor by using electric energy recovered 
by the regenerative operation. 
[0046] Thus, since the traction lost by the skid is 



supplemented by driving the other drive wheel by the 
motor by using the recovered electric energy, the 
energy efficiency of the hybrid vehicle can be improved, 
and the running performance can be prevented from 

5 being lowered. In other words, in addition to the simple 
remedy of the skid, it becomes possible to drive the 
other running wheel by the motor to avoid the running 
instability due to the occurrence of the skid. 
[0047] And the first invention is the hybrid vehicle, 

w wherein the motor driving force is distributed to com- 
pensate the lowered traction balance of the respective 
wheels caused by the skid. 

[0048] As described above, the running wheel 
driven by the motor is selected depending on a vertical 

75 load balance owing to the loaded condition of the vehi- 
cle.and the running condition of the vehicle at the occur- 
rence of the skid, or the respective outputs of the motor 
driving forces of the plurality of running wheels are 
adjusted to redistribute the running driving force so to 

20 enable the prevention of the lowering of the running bal- 
ance. 

[0049] And, the first invention is the hybrid vehicle 
according to the invention of any one of claims 1 to 3, 
wherein the motor is provided to be rechargeably driven 

25 by the engine, and the wheel linked to the engine run- 
ning drive system is disengageable from the engine. 
[0050] By configuring as described above, the bat- 
tery can be recharged any time by the engine regard- 
less of the running condition of the vehicle. 

30 [0051] In other words, when the vehicle is station- 
ary, the battery can be recharged by driving only the 
motor by the engine for recharging without running the 
vehicle by the disengaging operation. 
[0052] And, where the vehicle is driven by the motor 

35 only, the recharging can be made by the aforesaid 
engine drive, and the other electric motor system for 
driving to run and the engine/recharging motor system 
can be disengaged, and both of them can be made 
independent from each other without interfering to each 

40 other, so that their respective operation functions can be 
exhibited sufficiently. 

[0053] Besides, when recharging as described 
above, the driving conditions optimum for the engine, 
the motor and the battery, namely the fuel consumption 
45 ratio of the engine, the electricity generation ratio of the 
motor and the recharging ratio of the battery, are taken 
into consideration, so that the recharging efficiency can 
also be improved. 

[0054] As described above, according to the first 
so invention, there can be provided a hybrid vehicle which 
is improved its running stability, cruising range and the 
like on a bad road and has an overall high performance. 
[0055] A second invention is a hybrid vehicle includ- 
ing an engine operated by burning a fuel and electric 
55 motors operated by electric energy, characterized in 
that a transmission includes a first operation section to 
change gears of at least an engine running system and 
a second operation section to switch between forward 
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and backward drives of an electric motor running sys- 
tem; both the operation sections have a neutral lever 
position formed commonly; and an operation lever is 
disposed to be operable in both the operation sections 
so to alternatively switch between the engine running 
system and the electric motor running system. 
[0056] Thus, the engine running system and the 
electric motor running system are alternatively switched 
by the operation lever, so that when one of The engine 
running system and the electric motor running system is 
operated, an erroneously operating the other system 
can be avoided. 

[0057] The second invention is also the hybrid vehi- 
cle, wherein a seesaw switch, which is switched when 
the operation lever is passed by. is provided between 
the neutral lever position of the engine running system 
and the neutral lever position of the electric motor run- 
ning system in the commonly formed neutral lever posi- 
tion. 

[0058] Thus, by virtue of the seesaw switch, the 
switching is not made by the seesaw switch unless the 
operation lever passes, and the alternative switching 
between the engine running system and the electric 
motor running system can be made more securely. 
[0059] And, the second invention is the hybrid vehi- 
cle, wherein the operation lever is provided with a switch 
for starting The engine. 

[0060] Where the engine running system and the 
electric motor running system are alternatively switched 
by the single operation lever, in shifting to the engine 
running system, the shift and the engine starting opera- 
tion can be made together because the engine starting 
switch is mounted on the operation lever, so that the 
operation is facilitated and rational without waste. 
[0061 ] The second invention is also the hybrid vehi- 
cle, wherein the engine running system is provided with 
a clutch, the seesaw switch is switched by shifting the 
operation lever from the first operation section to the 
second operation section to stop the engine and to fix 
the clutch in an open state, and the seesaw switch is 
switched by shifting the operation lever from the second 
operation section to the first operation section to release 
the clutch from the open state. 
[0062] In the case of the manual transmission with 
the clutch provided, it is necessary to have the clutch in 
the open state to shift from the engine running system 
to the electric motor running system. As in this second 
invention, the engine is stopped by switching the see- 
saw switch and the clutch is fixed in the open state, so 
that it is convenient that the driver does not need to sep- 
arately operate to have the clutch in the open state. 
And, to change from the electric motor running system 
to the engine running system, the seesaw switch is 
switched by the reverse operation to release the clutch 
from the fixed open state. Therefore, it is also conven- 
ient because the driver does not need to operate to 
release the clutch from the fixed state. 
[0063] And the second invention is the hybrid vehi- 



cle, wherein even when the operation lever is shifted 
from the second operation section to the first operation 
section, the operation lever cannot be shifted into the 
first operation section because the seesaw switch is in 
5 the fixed state when the engine is not operating. 

[0064] Thus, when the operation lever is shifted 
from the second operation section into the first opera- 
tion section, namely when the electric motor running 
system is changed to the engine running system, the 
10 operation lever cannot be shifted into the first operation 
section because the seesaw switch is in the fixed state 
when the engine is not operated. Therefore, the shift of 
the operation lever into the first operation section when 
the engine is not operated is avoided, and safety can be 
is secured. 

[0065] And, the second invention is the hybrid vehi- 
cle, wherein the engine running system is provided with 
the clutch, and the electric motor is turned off when the 
clutch is in an open state. 
20 [0066] In the gear change operation in the first 
operation section to change the gears of the engine run- 
ning system, when the manual transmission with the 
clutch is operated by the driver who steps on the clutch 
pedal and also the accelerator pedal, it is dangerous if 
25 the vehicle is accelerated by the driving force of the 
electric motor, because the operation is different from 
that of the ordinary automobile. Therefore, the drivability 
of the ordinary automobile is retained by turning off the 
electric motor if the driver steps on the clutch pedal and 
30 the accelerator pedal. 

[0067] The second invention is also the hybrid vehi- 
cle, wherein the engine running system is provided with 
a semi-automatic transmission or a full automatic trans- 
mission, and the electric motor is operated by operating 
35 the accelerator pedal even if the clutch is in the open 
state. 

[0068] The semi-automatic transmission does not 
have the clutch pedal which is operated by the driver, 
and when the operation lever is operated by the driver, 
40 the clutch is automatically engaged or disengaged. And, 
the automatic transmission does not have the clutch 
pedal to be operated by the driver, and the gear change 
operation is automatically effected according to the 
operation of the accelerator pedal by the driver and the 
45 speed. In the above operations, the electric motor can 
be operated through the accelerator pedal while the 
clutch operation and the gear change operation are 
automatically effected, and'the driving force by the elec- 
tric motor can be kept applied to the vehicle during the 
so gear change. Therefore, running according to a 
stepped-on quantity of the accelerator pedal can be 
maintained. 

[0069] As described above, the second invention 
provides the hybrid vehicle that the engine running sys- 
55 tern and the electric motor running system are alterna- 
tively switched, so that an erroneous operation can be 
avoided, and safety can be improved further. 
[0070] A third invention is a hybrid vehicle including 
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an engine operated by burning a fuel and electric 
motors operated by electric energy, characterized by a 
wheel speed sensor connected to each driven wheel; 
and an arithmetic unit which calculates a vehicle speed 
from a signal output from the wheel speed sensor, cal- 5 
culates a wheel speed of the drive wheel from the 
number of rotations of the electric motor, and controls 
output of the electric motor with a predetermined elec- 
tric motor output control starting speed and electric 
motor regenerative control starting speed determined w 
as thresholds. 

[0071] And the third invention is a method of con- 
trolling running of a hybrid vehicle having an engine 
operated by burning a fuel and electric motors operated 
by electric energy, characterized in that the vehicle has 15 
a wheel speed sensor connected to each driven wheel 
and an arithmetic unit which calculates a vehicle speed 
from a signal output from the wheel speed sensor, cal- 
culates a wheel speed of the drive wheel from the 
number of rotations of the electric motor, and controls so 
output of the electric motor with a predetermined elec- 
tric motor output control starting speed and electric 
motor regenerative control starting speed determined 
as thresholds; and output control of the electric motor is 
started when the engine throttle is opened by the driver, 25 
a vehicle speed estimated by calculating and the wheel 
speed of the drive wheel are compared, and when it is 
judged that the drive wheel is spinning, output of the 
electric motor which drives that drive wheel is control- 
Jed. 30 
[0072] According to the above inventions, when the 
vehicle is driven by the electric motor or by both the 
electric motor and the engine, and if the drive wheels 
exceed a predetermined speed to spin, powering (rota- 
tion output control) of the electric motor connected to 35 
the drive wheels is stopped or it is controlled to make 
the regenerative operation of the electric motor, and a 
speed reduction operation is performed to remedy the 
spin of the drive wheels. 

[0073] The output and toad of the electric motor can 40 
be determined from the number of rotations and the 
input electric power, so that estimation accuracy is high 
and control accuracy can be enhanced. 
[0074] Besides, even if the driving force is continu- 
ously controlled, the control can be made stably 45 
because there is no minus factor such as generation of 
heat. 

[0075] When the regeneration of electric power is 
used, the energy efficiency of the vehicle is improved 
because excess energy can be recovered. so 
[0076] As described above, the operation according 
to the above inventions is an electrical operation of the 
electric motor, so that the response is quick, and the 
secure measures can be taken. Thus, the spin can be 
remedied securely and quickly. Therefore, when the ss 
engine is driven at a relatively high speed, stable run- 
ning can be made, running performance can be 
improved, and it is favorable in view of safety. 



[0077] And, the third invention is the method of con- 
trolling running of a hybrid vehicle, wherein the vehicle 
is provided with a throttle control device for controlling 
output of the engine and a second throttle controlled by 
the throttle control device disposed upstream of the 
throttle operated by the driver, having a predetermined 
engine control starting speed and brake control starting 
speed determined as thresholds; and the vehicle speed 
estimated by calculating and the wheel speed of the 
drive wheel are compared, and when it is judged that 
the drive wheel is spinning and the wheel speed of the 
drive wheel exceeds the engine control starting speed 
or the brake control starting speed, the second throttle 
is controlled or the braking control of the drive wheel is 
performed. 

[0078] This invention is configured by further add- 
ing TCS. so that the spin can be controlled more 
securely, and the advantages of either one of controls 
can be used as required. Thus, it is very convenient. 
[0079] The third invention is also the method of con- 
trolling running of a hybrid vehicle, wherein the electric 
motor output control starting speed, the electric motor 
regenerative control starting speed, the engine control 
starting speed and the brake control starting speed are 
sequentially provided in the order of increasing speed. 
[0080] Thus, since the electric motor output control 
starting speed, the electric motor regenerative control 
starting speed, the engine control starting speed and 
the brake control starting speed are sequentially pro- 
vided in the order of increasing speed, the control of 
spin of the driven wheels is effected by the electric 
motor before the TCS, so that the energy efficiency is 
further improved, and the running performance can be 
prevented from lowering. 

[0081] And, the third invention is a hybrid vehicle 
including an engine operated by burning a fuel and elec- 
tric motors operated by electric energy, which is charac- 
terized by a yaw sensor for detecting a lateral 
acceleration of the vehicle; and an arithmetic unit for 
controlling output of the electric motors with a predeter- 
mined electric motor output control starting yaw sensor 
output and electric motor regenerative control starting 
yaw sensor output which are determined as thresholds. 
[0082] The third invention is also a method of con- 
trolling running of a hybrid vehicle having an engine 
operated by burning a fuel and electric motors operated 
by electric energy, characterized in that the vehicle is 
provided with a yaw sensor for detecting a lateral accel- 
eration of the vehicle and an arithmetic unit for control- 
ling output of the electric motors with the predetermined 
electric motor output control starting yaw sensor output 
and electric motor regenerative control starting yaw 
sensor output, which are determined as thresholds; and 
output control of the electric motors is started when the 
engine throttle is opened by the driver, and output of the 
electric motors driving the drive wheels is controlled 
when it exceeds the thresholds. 
[0083] According to the above inventions, when the 
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vehicle is running by the electric motor or by both the 
electric motor and the engine, it the vehicle runs at a 
speed exceeding a predetermined cornering accelera- 
tion, powering (rotation output control) of the electric 
motor connected to that drive wheel is stopped, or it is 
controlled to make the regenerative operation of the 
electric motor, so that the deceleration operation is per- 
formed to prevent the drive wheel from spinning. 
[0084] Since the operation according to the third 
invention is an electrical operation of the electric motor, 
its response is quick, and secure measures can be 
taken. Thus, the spin can be prevented securely and 
quickly. Accordingly, when the vehicle is driven by the 
engine at a relatively high speed, the vehicle can run 
stably, and its running performance can be improved. It 
is also favorable in view of safety. 
[0085] As described above, according to the third 
invention, even when the vehicle starts abruptly on a 
road having a low coefficient of friction, runs a bad road 
or turns, its running safety, cruising range and the tike 
are improved. Thus, a hybrid vehicle having an overall 
high performance and its running control method can be 
obtained. 

[0086] A fourth invention is a hybrid vehicle includ- 
ing an engine operated by burning a fuel and electric 
motors operated by electric energy, and a clutch dis- 
posed between the engine and a transmission, which is 
characterized in that a one-way clutch is provided next 
to the clutch; and the one-way dutch transmits engine 
torque in a drive direction only. 

[0087] Thus, when the one-way clutch which trans- 
mits the engine torque in the drive direction only is pro- 
vided, the route to transmit the rotations of the wheels to 
the engine is blocked by the one-way clutch, so that the 
kinetic energy of the vehicle can be recovered to its 
maximum by the regenerative brake function of the 
electric motor, and the kinetic energy is not lost as a 
mechanical loss of the engine as prior art. As a result, 
the energy efficiency can be improved. 
[0088] The fourth invention is also the hybrid vehi- 
cle, wherein the shaft of the drive wheel is linked with a 
CV joint (constant velocity joint) and a CV joint housing 
(constant velocity joint housing), and a power transmis- 
sion gear is fitted to the CV joint housing to transmit a 
driving force from the electric motor to the drive wheel 
through the power transmission gear. 
[0089] Thus, since the transmission route from the 
electric motor is the CV joint housing, the motor torque 
can be transmitted to the drive shaft in the distance as 
short as possible, and the place where the electric 
motor is mounted can be determined with high flexibility. 
[0090] Therefore, the transmission of the power of 
the electric motor can be effected in the vicinity of the 
drive wheels without through a differential gear. Thus, 
the space for mounting the electric motor can be saved, 
and the number of components can be decreased. And, 
the rotation of the electric motor corresponds to that of 
the wheel in a ratio of one to one, so that the control 



(e.g., ABS, TCS. etc.) of the rotations of the wheel by 
the electric motor attached to each wheel is facilitated. 
[0091] And, the fourth invention is the hybrid vehi- 
cle, wherein an intermediate gear is interposed 
5 between the power transmission gear and the electric 
motor to decrease the number of rotations of the electric 
motor. 

[0092] Generally, the number of rotations of the 
electric motor is larger than that of the wheel, so that it 
io is preferable to have a gear reduction mechanism as in 
this invention. 

[0093] And, the fourth invention is the hybrid vehi- 
cle, wherein a parking gear is provided downstream of 
the one-way clutch, and a parking mechanism having a 
15 hook for engaging with or disengaging from the parking 
gear is provided. 

[0094] By providing the one-way clutch as 
described above, a function to stop the vehicle when it 
is parked is lowered. But. by providing the parking gear 

20 and the parking mechanism which has the hook to 
engage with or disengage from the parking gear 
according to this invention, the parking gear is fixed by 
the hook to prevent the rotations of the shaft and the 
wheels linked thereto. Thus, the function of the parking 

25 brake can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0095] 

30 

Fig. 1 is a plan view showing a schematic general 
structure of an electric four-wheel vehicle as an 
example of the hybrid vehicle according to a first 
embodiment of a first invention; 
35 Fig. 2 is a plan view showing a state of control at the 
occurrence of a skid according to the first embodi- 
ment of the first invention; 

Rg. 3 is a plan view showing a schematic general 
structure of an electric four-wheel vehicle as an 

40 example of the hybrid vehicle according to a second 
embodiment of the first invention; 
Rg. 4 is a plan view showing a schematic general 
structure of an electric four-wheel vehicle as an 
example of the hybrid vehicle according to a third 

45 embodiment of the first invention; 

Rg. 5 is a block diagram of a hybrid vehicle accord- 
ing to an embodiment of a second invention; 
Rg. 6 is a diagram showing a basic operation of 
driving control in an HEV mode according to the 

so embodiment of the second invention; 

Rg. 7 is a diagram showing a basic operation of 
driving control in the HEV mode according to the 
embodiment of the second invention; 
Rg. 8 is a diagram showing a basic operation of 

55 driving control in an EV mode according to the 
embodiment of the second invention; 
Rg. 9 is a diagram showing a basic operation of 
regenerative control in the HEV mode and the EV 
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mode according to the embodiment of the second 
invention; 

Fig. 10 is a diagram showing a transmission 
according to the embodiment of the second inven- 
tion; 

Fig. 11 is a diagram showing the transmission 
according to the embodiment of the second inven- 
tion; 

Fig. 12 is a diagram showing the transmission 
according to the embodiment of the second inven- 
tion; 

Fig. 13 is a diagram showing the transmission 
according to the embodiment of the second inven- 
tion; 

Fig. 14 is a diagram showing a transmission 
according to another embodiment of the second 
invention; 

Fig. 15 is a block diagram of a hybrid vehicle 
according to a first embodiment of a third invention; 
Fig. 16 is a diagram showing a basic operation prin- 
ciple of running control according to the first 
embodiment of the third invention; 
Fig. 17 is a diagram showing an operation principle 
that the running control of the present invention is 
combined with a conventional TCS according to the 
second embodiment of the third invention; 
Fig. 18 is a diagram showing a basic operation prin- 
ciple of running control according to a third embod- 
iment of the third invention; 
Fig. 19 is a block diagram showing a hybrid vehicle 
according to an embodiment of a fourth invention; 
Fig. 20 is a conceptual block diagram mainly show- 
ing the structure of a transmission according to an 
embodiment of a fourth invention; 
Fig. 21 is a detailed cross sectional diagram show- 
ing the structure of the transmission according to 
the embodiment of the fourth invention; 
Fig. 22 is a detailed vertical sectional diagram 
showing the structure of the transmission according 
to the embodiment of the fourth invention; 
Fig. 23 is an enlarged cross sectional diagram 
showing clutch and one-way clutch portions 
according to the embodiment of the fourth inven- 
tion; 

Fig. 24 is a conceptual block diagram showing a 
parking mechanism; and 

Fig. 25 is an enlarged cross sectional diagram 
showing a CV joint position according to the 
embodiment of the fourth invention. 

BEST MODES FOR CARRYING OUT THE INVEN- 
TION 

[0096] Now. a first embodiment of a first invention 
will be described with reference to Fig. 1 and Fig. 2. 
[0097] As shown in Fig. 1 , a hybrid vehicle 1 of this 
embodiment has running wheels (front wheels 4 and 
rear wheels 5). which are suspended at the front and 



rear of the main frame of an unillustrated vehicle body in 
the same way as a four-wheel vehicle which is one of 
general vehicle types. The front wheels 4 are steered by 
the driver through the steering wheel, and the rear 

5 wheels 5 are rotationally driven to run the vehicle. As its 
drive source, an engine drive system based on a con- 
ventional internal combustion engine 7 and an electrical 
drive system based on electric motors 12, 13 are 
mounted and switched or operated in cooperation by a 

10 hybrid system controller 1 1 (hereinafter called the con- 
troller). 

[0098] In other words, it is basically designed that 
when the vehicle is started or running at a low speed, 
the electric motors 12, 13 are used as the main drive 
75 source, and the engine 7 is used as the main drive 
source during stable cruising. 

[0099] Selection of either the electric motors 12,13 
or the engine 7 as the main drive source and a gear 
shifting operation according to the vehicle speed during 

20 the engine drive are made by the controller 1 1 . 

[0100] This hybrid vehicle 1 of this embodiment 
monitors the rotations of the respective wheels while the 
vehicle is being driven by the engine 7, and if any of the 
wheels skids due to excessive rotations, decreases the 

25 number of rotations of that wheel to remedy the skid and 
recovers the decreasing rotary drive energy by regener- 
ative electric power generation. Furthermore, the recov- 
ered electric energy is used to drive the other wheels so 
to compensate the driving force for the lowered running 

30 caused by the wheel skid. 

[0101] Specifically, this engine drive system 
includes the internal combustion engine 7 mounted at 
the rear position of the vehicle main frame, a transmis- 
sion 8 connected to an output shaft of the engine 7 via 

35 a one-way clutch, rear wheel shafts connected to a 
transmission output shaft of the transmission 8 and the 
rear wheels 5. A fuel tank 9 and unillustrated engine 
auxiliaries such as a fuel pump, piping for supplying a 
fuel to the engine 7 and an engine cooling drive are 

40 arranged in the periphery of the engine 7. 

[0102] Besides, the electric drive system includes 
the electric motors 12, 13 which are separately mounted 
for the respective wheels and batteries 14 which supply 
electric energy to the respective electric motors 12, 13. 

45 And, a flow of the electric energy is controlled by the 
controller 11. 

[01 03] The electric motors 12, 13 are DC brushless 
motors having excellent durability and reliability, and 
mounted to be always in mechanical connection with 
so the shafts of the respective running wheels directly or 
through a reduction gear. 

[0104] The respective electric motors 12, 13 in use 
have high output performance similar to that of a single 
motor mounted on an ordinary hybrid vehicle and an 
55 allowance enough to compensate to provide sufficient 
traction even when any of the wheels skids as will be 
described afterward. 

[0105] Besides, the electric motors 12, 13 have, as 
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their operation modes, a drive mode for externally out- 
putting a driving force, a free-run mode for not output- 
ting the driving force and a regenerative mode for 
operating as an electric power generator by absorbing 
an external driving force. s 
[0106] Specifically, the drive mode is an output 
operation of a general electric motor and externally out- 
puts rotation torque according to the electric power sup- 
plied for driving supplied. 

[0107] In the free-run mode, the motors 12. 13 are 10 
not supplied with electric power for driving at all and the 
vehicle is in a motor free-run state, or the motors 12, 13 
are in a state of keeping the rotations by being supplied 
with electric power just enough to keep a rotation speed 
just before it. In either of these cases, the motors 12,13 15 
are controlled not to output a driving force externally. 
[0108] The regenerative mode is an electric power 
generating operation same as that of a general genera- 
tor. It converts kinetic energy into electric energy to out- 
put electric power according to an external driving force, so 
In other words, in the regenerative mode, electricity 
generated from the motors 12, 13 is controlled to adjust 
the driving force absorbed from the outside, namely the 
wheels 4, 5 to which the motors 12, 13 are connected, 
so that the rotation speeds of the wheels 4, 5 can be 25 
decreased as desired. 

[0109] The wheels 4, 5 are respectively provided 
with separate dedicated rotation sensors (not shown) 
which keep monitoring the number of rotations of the 
respective wheels 4, 5 so to enable judgment which 30 
wheel has caused a skid to rotate excessively. 
[01 1 0] Specifically, these rotation sensors are elec- 
trically connected to the controller 11, and when the 
number of rotations of a particular wheel is extremely 
different from the average value of the number of rota- 35 
tions of all the wheels or an appropriate number of rota- 
tions calculated from a sensor which directly detects a 
running speed of the vehicle with respect to a road sur- 
face, the sensor of the pertinent wheel judges that it is 
skidding to rotate excessively. 40 
[0111] And, when the hybrid vehicle 1 having the 
above structure is in a low speed range including the 
time when the hybrid vehicle 1 is started, it is driven by 
the electric drive system only, while the hybrid vehicle 1 
is driven by the engine drive system only in a relatively 45 
high speed range. In addition, when the vehicle is fur- 
ther accelerated from the high-speed range, the electric 
drive system is additionally used to assist the engine 
drive system. 

[01 1 2] Now, operations particular to the hybrid vehi- so 

cle 1 of this embodiment will be described. 

[0113] When the hybrid vehicle 1 is running based 

on the engine drive, if either of the wheels driven by the 

engine skids to rotate excessively, the skid of that wheel 

is remedied, and traction which becomes insufficient 55 

due to the skid of the wheel is compensated by driving 

the other wheels by the motors. 

[01 14] As shown in Fig. 2, the detection of the skid 



of the wheel described above has found that, for exam- 
ple, the left rear wheel 5 driven by the engine is caused 
the kid, or the number of rotations larger than that of the 
other running wheels was detected, the number of rota- 
tions of the left rear wheel 5 is decreased until its skid is 
remedied. 

[0115] Specifically, the electric motor 13, which is 
provided for the left rear wheel 5 and in the free run 
mode by then, operates in a regenerative mode, so that 
a rotation speed of the left rear wheel 5 is decreased to 
a level similar to that of the other running wheel 5, and 
the rotary kinetic energy of the left rear wheel 5 
decreased is also recovered as electric energy. 
[0116] And, the electric energy thus recovered is 
used to drive the motors of the other wheels, e.g.. the 
front wheels 4, to compensate the traction lost due to 
the skid. 

[0117] Specifically, the recovered electric power is 
subjected to a step-up processing to increase its volt- 
age and charged into the battery 14, and the electric 
energy is simultaneously supplied according to the 
recharged volume from the battery 14 to the motors 12 
connected to the front wheels 4. 

[01 1 8] At this time, the driving force by the motors is 
controlled depending on the running condition when the 
skid was caused so to obtain an appropriate running 
traction and an optimum running balance as the entire 
vehicle, so that the running performance of the vehicle 
can be retained even at the occurrence of the skid. 
[0119] For example, when a general four-wheel 
vehicle undergoes acceleration which may frequently 
causes skids, a vertical load balance is shifted back- 
ward of the vehicle. Therefore, it is desirable that the 
vehicle has a drive balance of, for example, 20% for the 
front and 80% for the rear, namely the traction by the 
rear wheels is greater than that of the front wheels. 
[0120] When the vertical load balance is variable 
depending on a loaded condition of the vehicle, it is also 
preferable to optimize by appropriately controlling to 
have a different drive balance in view of the same rea- 
son. For example, such cases include that a truck hav- 
ing a large load carrying capacity has occasions from a 
fully loaded condition to a no load condition and a light 
vehicle having a light weight has occasions of carrying 
not only variable loaded cargoes but also variable 
number of people in it. 

[0121] In addition, when the vehicle is cornering, in 
order to avoid over-steering or under-steering, namely 
to avoid a disadvantage that a turning radius corre- 
sponding to steered magnitude by the driver cannot be 
obtained, a difference in rotation speed of the turning 
inside and outside wheels is appropriately determined, 
or the distribution of torque to the respective wheels 4, 5 
is appropriately determined. 

[0122] Therefore, a single or plurality of motors are 
selected to meet the above conditions and the output of 
each motor is appropriately controlled, so that the run- 
ning performance can be maintained even at the occur- 
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rence of skids. 

[0123] The above operation to remedy the skid of 
any wheel is. stopped when it is confirmed by the rota- 
tion sensors mounted on all the wheels that the rotation 
speed ol the pertinent wheel has become substantially s 
the same value as the average value of the rotation 
speeds of all the wheels or the appropriate value calcu- 
lated from a ground speed detected by the sensors. 
[0124] Specifically, it is designed that the skid rem- 
edying operation is stopped when the rotation speed of 10 
the wheel becomes in a range of about 10% of the 
above average value or optimum value and made again 
when the rotation speed of the wheel exceeds the 
above range. 

[0125] Therefore, when the hybrid vehicle causes a 15 
skid due to a road condition such as a bad road surface 
and then advances to a good road surface to naturally 
remedy the skid, the aforesaid skid remedying opera- 
tion and skid compensating operation are automatically 
stopped to return to the ordinary operation. 20 
[0126] It may be controlled to enhance the drive 
energy, which is higher than the electric energy recov- 
ered, by using the electric energy of the battery, so as to 
give a priority to fully secure the running traction at the 
occurrence of a skid. 25 
[0127] In this embodiment, the structure of driving 
only the rear wheels by the engine has been described, 
but the structure of this embodiment can also be applied 
to a structure of driving only the front wheels by the 
engine and a structure of driving ail the wheels by the 30 
engine, and the same effect can be provided. 
[0128] As described above, according to the hybrid 
vehicle of this embodiment, while the vehicle is running 
by the engine and one of the running wheels driven by 
the engine causes a skid to rotate excessively, the 35 
motor connected to the pertinent running wheel is acti- 
vated for a regenerative operation to decelerate it so to 
remedy the skid of the running wheel, and the rotary 
kinetic energy of the running wheel is recovered as the 
electric energy. Thus, the energy efficiency of the hybrid 40 
vehicle can be improved. 

[01 29] Since this operation is an electrical operation 
of the electric motor, it has a good quick response, and 
reliable measures can be made, so that the skid can be 
remedied securely and quickly. Accordingly, when the 45 
engine is operated at a relatively high speed, stable run- 
ning can be made, running performance can be 
improved, and it is favorable in view of safety. 
[0130] Furthermore, the motor associated with the 
other drive wheel is driven by using the recovered elec- so 
trie energy as described above to compensate the trac- 
tion lost by the skid, so that the running performance is 
not degraded. In other words, the other running wheel 
can be driven by the associated motor to avoid unstable 
running caused by the skid in addition to the simple ss 
remedying of the skid. 

[0131] At this time, the running wheels driven by the 
motors are selected or output of each motor driving 



force of the plurality of running wheels is adjusted 
depending on the vertical load balance due to a loaded 
condition of the vehicle and the running condition at the 
occurrence of the skid, to make the redistribution of the 
running driving force so to enable the prevention of low- 
ering of the running balance. 

[0132] As a result, the hybrid vehicle having an 
overall high performance can be obtained because the 
running stability, cruising range and the like of the vehi- 
cle on a bad road are improved. 
[0133] A second embodiment of the first invention 
will be described with reference to Fig. 3. 
[0134] When recharging is required because the 
remaining amount in the battery is small or the like, the 
hybrid vehicle of this embodiment can make recharging 
by using the vehicle engine regardless whether the 
vehicle is running or in the stopped state. 
[01 35] Specifically, as shown in Fig. 3, a third motor 
15 is additionally provided between the engine 7 and 
the transmission 8 which are configured in the same 
way as in the first embodiment. 
[0136] The third motor 15 also serves as a starter 
cell motor required for starting the engine 7 so to elimi- 
nate the necessity of a separate starter cell motor to 
simplify the structure and also to make weight reduction 
and cost reduction. 

[01 37] The third motor 1 5 also has the same modes 
as the motors connected to the respective wheels, such 
as a drive mode for externally outputting a driving force, 
a free-run mode not to output the driving force and a 
recharging mode to operate as the electric power gen- 
erator, and it is normally set to the free-run mode. 
[0138] The recharging operation may be made 
either by the driver who selects to do so as desired, or 
automatically by the controller 1 1 , or by combining both 
of them. 

[0139] Therefore, when it is necessary to recharge 
the battery, it can be recharged any time by the engine 
regardless of whether the vehicle is running or not. 
[01 40] In other words, when the vehicle is driven by 
the engine, this additional motor can be used for 
recharging only, so that the skid remedying operation 
and the like can be made sufficiently by the motors con- 
nected to the respective wheels as described above. 
[01 41 ] And, when the vehicle is stationary, the con- 
nection of the added motor to the drive shafts of the rear 
wheels can be cut off by declutching the transmission, 
and only the added motor can be driven by the engine 
without running the vehicle to generate electric power 
so to recharge the battery. 

[0142] Besides, when a vehicle which is driven by 
the motors only is running at a low speed, recharging by 
driving the engine is possible, and, in this case, the 
electric motor system for driving the respective wheels 
and the engine recharging motor system are also cut off 
by the clutch from each other, so that they are inde- 
pendent from each other without interfering and each 
system provides satisfactory operation function. 
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[0143] And, when recharging by the engine as 
described above, the optimum driving conditions for the 
engine, the recharging, motor and the battery, namely 
the optimum conditions having the engine's fuel con- 
sumption, the motor s power generation rate, the battery 5 
recharging rate in combination can be determined for 
recharging, so that the recharging efficiency can also be 
improved. 

[0144] A third embodiment of the first invention will 
be described with reference to Fig. 4. 10 
[0145] The hybrid vehicle of this embodiment is 
obtained by simplifying the vehicle of the embodiment 2 
in order to make cost reduction. 

[0146] In other words, as shown in Fig. 4, it is con- 
figured by removing the electric motors 13, 13 con- 15 
nected to the rear wheels 5, 5 from the structure of the 
above second embodiment. 

[0147] The third motor 15 of this hybrid vehicle of 
this embodiment also serves as a starter cell motor 
required to start the engine 7 in the same way as in the 20 
previous embodiment, so that a separate starter cell 
motor is not required, the structure is simplified, and 
weight reduction and cost reduction can be made. 
[0148] And. the third motor 1 5 has the same modes 
as the motors 12 connected to the front wheels 4, such 25 
as a drive mode for externally outputting a driving force, 
a free-run mode not to output the driving force and a 
recharging mode to operate as the electric power gen- 
erator, and it is normally set to the free-run mode. 
[0149] The recharging operation may be made 30 
either by the driver who selects to do so as desired, or 
automatically by the controller 1 1. or by combining both 
of them. 

[0150] Therefore, when it is necessary to recharge 
the battery, it can be recharged any time by the engine 35 
regardless of running conditions of the vehicle. 
[01 51 ] And, when the vehicle is stationary, the con- 
nection of this motor to the drive shafts of rear wheels 
can be cut off by declutching the transmission, and only 
this motor can be driven by the engine to recharge the 40 
battery. 

[0152] Besides, when a vehicle which is driven by 
the motors only is running at a low speed, recharging by 
driving the engine is possible, and, in this case, the 
electric motor system for driving the respective wheels 45 
and the engine/recharging motor system are also cut off 
by the dutch from each other, so that they are inde- 
pendent from each other without interfering and each 
system provides satisfactory operation function. 
[0153] And. when recharging by the engine as so 
described above, the optimum driving conditions for the 
engine, the recharging motor and the battery, namely 
the optimum conditions having the engine's fuel con- 
sumption, the motor's power generation rate and the 
battery recharging rate in combination can be deter- ss 
mined for recharging, so that the recharging efficiency 
can also be improved. 

[0154] Now, an embodiment of a second invention 



will be described with reference to the drawings. 
[01 55] It is seen in Fig. 5 that a hybrid vehicle 21 of 
this embodiment has running wheels (front wheels 22 
and rear wheels 23), which are suspended at the front 
and rear of the main frame of an unillustrated vehicle 
body in the same way as a four-wheel vehicle which is 
one of general vehicle types. The front wheels 22 are 
steered by the driver through the steering wheel, and 
the front and rear wheels 22, 23 or the rear wheels 23 
are rotationally driven to run the vehicle. As its drive 
source, an engine drive system based on a conven- 
tional internal combustion engine E and an electrical 
drive system based on electric motors M, M are 
mounted, and a hybrid system controller 24 is provided 
for switching them or operating in cooperation by an 
operation lever which will be described afterward. 
[0156] A flywheel 25. a one-way clutch 26 and a 
transmission 27 are arranged downstream of the engine 
E, and an electric motor m for starting the engine and 
recharging is provided in connection with the flywheel 
25. Symbol B is a storage battery. 
[01 57] Unillustrated fuel tank, fuel pump and piping 
for supplying a fuel to the engine E and engine auxilia- 
ries such as an engine cooling device are disposed in 
the periphery of the engine E in the same way as in the 
aforesaid embodiment. 

[0158] The electric motors M for driving the front 
and rear wheels 22, 23 are arranged to transmit the 
torque to the wheels 22, 23 via the respective reduction 
gears 28. 28. 

[0159] The hybrid vehicle 21 of this embodiment 
has as its operation modes an engine running mode for 
outputting a driving force of the engine E according to ; 
the stepped-on quantity of the accelerator pedal by the 
driver, an engine/electric motor-based running mode for 
outputting the driving forces of both the engine E and 
the electric motors M, and an electric motor running 
mode for outputting the driving forces of the electric 
motors M only. 

[0160] The engine running mode is a mode that an 
throttle opening angle is varied according to a stepped- 
on quantity of the accelerator pedal by the driver to 
increase the torque of the engine E. The engine/electric 
motor-based running mode is a mode that the driving 
forces of the electric motors M are also used together 
with the driving force of the engine E, and the electric 
current values of the motors are increased to increase 
the motor torque according to tine stepped-on quantity 
of the accelerator pedal by the driver. The motor torque 
value in the engine/electric motor-based running mode 
can be made small as compared with the electric motor 
running mode because the electric motors cooperate 
with the engine to drive the vehicle. The engine running 
mode and the engine/electric motor-based running 
mode will be called as an HEV mode hereinafter. 
[0161] The electric motor running mode is a mode 
to drive the vehicle by the driving force of the electric 
motors M only as described above, and the electric cur- 



11 



NSDOCID: <EP 1018451A1 J_> 



rent values of the electric motors are increased to 
increase the motor torque according to the stepped-on 
quantity of the accelerator pedal by the driver. In this 
mode, the motor torque values with respect to a throttle 
opening angle can be made larger as compared with 
the HEV mode because the vehicle is driven by the 
motors only. This electric motor running mode will be 
called as an EV mode hereinafter. 
[0162] In the HEV mode, the revolutions of the 
engine E are transmitted to the transmission 27 via the 
clutch 26, and the rear wheels 23 are driven to rotate by 
the rotation force converted by the transmission 27. In 
this embodiment, the gear change operation is made by 
a manual transmission operation section 30 which will 
be described afterward. 

[0163] In the HEV mode, the throttle opening angle 
is variable according to the stepped-on quantity of the 
accelerator pedal by the driver, and when the electric 
motors M are used together, the electric current values 
of the electric motors M are also variable according to 
the stepped-on quantity of the accelerator pedal by the 
driver, but the amounts of their changes are calculated 
by the controller 24 so to produce an appropriate rota- 
tion traction. Fig. 6 shows a state that outputs from the 
engine E and the electric motors M in the HEV mode 
are supplied to the rear wheels 23 and also to the front 
wheels 22. 

[0164] In the HEV mode, as shown in Fig. 7. the 
engine E is driven in a state that the clutch 26 is 
released to rotate the electric motor m for recharging to 
generate electric power which can be recharged into the 
storage batteries B. 

[0165] In the aforesaid EV mode, the electric cur- 
rent values of the electric motors M are variable accord- 
ing to the stepped-on quantity of the accelerator pedal 
by the driver, and an optimum rotation driving force is 
output according to the calculation made by the control- 
ler 24. Fig. 8 shows a state that the electric power is 
supplied from the storage batteries B to the electric 
motors M in the EV mode, and outputs from the electric 
motors M, M are supplied to the front and rear wheels 
22, 23. 

[0166] In both the HEV mode and the EV mode, 
when the vehicle is decelerating or running a downward 
slope for example, the rotations of the front and rear 
wheels 22, 23 are converted from the kinetic energy into 
the electric energy by using the electric motors M, M as 
the electric power generators, and the electricity gener- 
ated by the electric motors M, M can be charged into the 
batteries B as shown in Fig. 9. By using the regenera- 
tion of electric power, excessive energy can be recov- 
ered, so that the energy efficiency of the vehicle is 
improved. 

[01 67] In the hybrid vehicle 2 1 of the above embod- 
iment, the transmission operation section 30 has at 
least a first operation section 31 for the HEV mode that 
the engine running system's gears are shifted and a 
second operation section 32 lor the EV mode that the 



electric motor running system is switched between for- 
ward and reverse gears, as shown in Fig. 10 and Fig 
12. 

[0168] The operation sections 31, 32 are provided 
5 with a common neutral lever position. In Fig. 1 1 and Fig. 
13, the shaded area indicates a neutral lever position 
33. Numerals 1 to 6 in the drawings indicate gear shift 
modes, and "P and "FT indicate forward and backward 
respectively. 

10 [0169] The transmission operation section 30 has 
an operation lever 34 which is movable into and out of 
both the operation sections 31, 32 as shown in Fig. 10 
to Fig. 13. The operation lever 34 is operated to alterna- 
tively switch between the engine running system (HEV 

is mode) and the electric motor running system (EV 
mode). 

[0170] Fig. 10 and Fig. 11 show that the operation 
lever 34 is positioned in the HEV mode, and Fig. 12 and 
Fig. 13 show that the operation lever 34 is positioned in 

20 the EV mode. The operation lever 34 is shifted from one 
mode to the other through the neutral lever position 33 
commonly provided for both the modes. 
[0171] Thus, the operation lever 34 is operated to 
alternatively switch between the engine running system 

25 (HEV mode) and the electric motor running system (EV 
mode). Therefore, an erroneous operation, that when 
one of the engine running system and the electric motor 
running system is being operated, the other is also 
operated, can be avoided. 

30 [0172] As shown in Fig. 10 to Fig. 13, a seesaw 
switch 36, which is changed-over when the operation 
lever 34 passes by it, is arranged between the neutral 
lever position 33 for the engine running system and the 
neutral lever position 33 for the electric motor running 

35 system in the aforesaid common neutral lever position 
33. 

[0173] The seesaw switch 36 of this embodiment 
has a switching mechanism (not shown) on a lower por- 
tion of a rotation shaft 36a, and a contact face section 

40 36b, which has a curved surface to come into contact 
with the operation lever 34 when it passes by it so to 
pivot the seesaw switch 36, is formed to face the pas- 
sage of the neutral lever position. And, when the see- 
saw switch 36 is pivoted, the switching mechanism 

45 sends a switching signal to the controller 24, and switch- 
ing between the HEV mode and the EV mode is made. 
[01 74] As described above, the seesaw switch 36 is 
not switched without the operation lever 34 passing by 
it. so that the alternative switching between the HEV 

so mode and the EV mode can be effected more securely. 
[0175] And, the operation lever 34 of this embodi- 
ment is provided with a switch 35 for starting the engine. 
[01 76] When the alternative switching between the 
HEV mode and the EV mode is made by the single 

55 operation lever 34 as in this embodiment and the oper- 
ation lever 34 is provided with the switch 35 for starting 
the engine, switching to the HEV mode (engine running 
system) can be made in conjunction with the engine 
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starting operation, so that the operation is simple and 
rational without waste. 

[0177] In this embodiment, the manual transmis- 
sion operation section 30 is operated to change gears,, 
and the clutch 26 is provided therefor as described 
above. When the operation lever 34 is shifted from the 
first operation section 31 to the second operation sec- 
tion 32 to switch the seesaw switch 36. the engine E is 
stopped, the clutch 26 is fixed in an open state by a fix- 
ing mechanism (not shown). And, when the operation 
lever 34 is shifted from the second operation section 32 
to the first operation section 31 to switch the seesaw 
switch -36, the clutch 26 fixed in the open state is 
released. Such switching is basically effected by the 
controller 24. 

[0178] The manual transmission with the clutch 26 
provided requires to keep the clutch 26 in the open state 
to change from the HEV mode (engine running system) 
to the EV mode (electric motor running system). It is 
convenient that the driver is not required to operate to 
have the clutch in the open state because the engine E 
is stopped and the clutch 26 is fixed in the open state 
when the seesaw switch 36 is switched as in this 
embodiment. And, to change from the EV mode to the 
HEV mode, the seesaw switch 36 is switched by the 
reverse operation to release the clutch 26 which is fixed 
in the open state. Therefore, it is also convenient 
because the driver does not need to operate in order to 
release the clutch 26 from its fixed state. 
[0179] Besides, if the engine E is not operating 
when the operation lever 34 is shifted from the second 
operation section 32 to the first operation section 31 . the 
seesaw switch 36 is in the fixed state, so that the oper- 
ation lever 34 cannot be shifted to the first operation 
section 31. Such electrical control is effected by the 
controller 24. 

[0180] Thus, when the operation lever 34 is shifted 
from the second operation section 32 into the first oper- 
ation section 31 , namely the electric motor running sys- 
tem is shifted to the engine running system, the seesaw 
switch 36 is in the fixed state and the operation lever 34 
cannot be shifted into the first operation section 31 if the 
engine E is not operating. Therefore, the shift of the 
operation lever 34 to the first operation section 31 pro- 
vided that the engine E is operating can be prevented if 
the engine E is not operating, and safety can be 
secured. 

[0181] Now, the hybrid vehicle 21 of this embodi- 
ment will be described about its manipulation and 
involved operation to shift from the HEV mode (engine 
running system) to the EV mode (electric motor running 
system) and from the EV mode to the HEV mode. 
[0182] First, when the operation lever 34 is posi- 
tioned in the first operation section 31 (Fig. 10 and Fig. 
11), to start the engine by an unillustrated key (HEV 
mode), the driver of the hybrid vehicle 21 operates the 
accelerator to open the engine throttle to drive the 
engine. The electric motors are also driven in the 



^engine/electric motor-based running mode described 
above. 

[01 83] In the HEV mode, the clutch 26 is opened or 
closed through the clutch pedal, the gear change oper- 
5 ation is made by the operation lever 34, to select for- 
ward drive and its gear ratio and to select between 
forward and reverse drives. Thus, the operation is the 
same as the ordinary engine vehicle. And, the driving 
force from the engine E drives the rear wheels 23 
10 through the transmission 27. As described above, the 
throttle opening angle is variable according to the 
stepped-on quantity of the accelerator pedal by the 
driver to increase the torque of the engine E. The 
engine/electric motor-based running mode uses the 
15 driving forces of the electric motors M in addition to the 
driving force of the engine E and increases the electric 
current values of the electric motors according to the 
stepped-on quantity of the accelerator pedal by the 
driver to increase the motor torque. 
20 [0184] In city driving at a low speed or the like, 
when the HEV mode is stopped and the EV mode (elec- 
tric motor running system) is used to drive, the opera- 
tion lever 34 is positioned in the neutral position as 
shown in Fig. 10 and Fig. 1 1 and shifted into the second 
25 operation section 32 as shown in Fig. 12 and Fig. 13. 
[0185] When the operation lever 34 passes by the 
seesaw switch 36. the operation lever 34 is contacted 
with the contact face 36b of the seesaw switch 36 to 
pivot it. The pivoting of the seesaw switch 36 causes the 
30 switching mechanism to transmit a switching signal to 
the controller 24 so to switch from the HEV mode to the 
EV mode. And, the engine E is also stopped, and the 
clutch 26 is fixed in the open state by an unillustrated fix- 
ing mechanism. The clutch pedal may be designed so 
35 to be retracted. 

[01 86] In the EV mode, the electric current values of 
the electric motors M are variable according to the 
stepped-on quantity of the accelerator pedal by the 
driver as described above, and an appropriate rotation 
40 driving force is output according to calculation made by 
the controller 24. 

[0187] When the EV mode is changed to the HEV 
mode as the vehicle goes from a city area to a suburb or 
runs a driveway, the operation is made in reverse order 

45 of the aforesaid operation. Specifically, the operation 
lever 34 is located in the neutral position as shown in 
Fig. 12 and Fig. 13 and then shifted to the first operation 
section 31 as shown in Fig. 10 and Fig. 11. 
[0188] At this time, if the engine E is not operating. 

so the seesaw switch 36 is in a fixed state, so that the oper- 
ation lever 34 cannot be shifted into the first operation 
section 31. Therefore, the engine starting switch 35 
formed on the operation lever 34 is depressed to start 
the engine before shifting the operation lever 34 into the 

55 first operation section 31. When the engine is started, 
the seesaw switch 36 is released from its fixed state. 
[0189] Then the seesaw switch 36 is released from 
its fixed state and the operation lever 34 is shifted into 
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the first operation section 31, the operation lever 34 
comes in contact with the contact face 36b of the see- 
saw switch 36 while it passes by the seesaw switch 36 
to pivot it. Then the seesaw switch 36 is pivoted, the 
switching mechanism sends a switching signal to the 5 
controller 24, and the EV mode is changed to the HEV 
mode accordingly. 

[0190] When the seesaw switch 36 is switched, the 
clutch 26 is released from its fixed open state and 
resumes its normal operation, and the drive by the HEV 10 
mode (engine running system) is performed after that. 
[0191] This embodiment which has the clutch in the 
engine running system is configured to turn off the elec- 
tric motors when the clutch is entered the open state. 
[0192] Specifically, in the gear change operation in is 
the first operation section to change gears of the engine 
running system with the manual transmission having 
the clutch provided, if the vehicle is accelerated by the 
driving forces of the electric motors when the driver 
steps on the clutch pedal and also the accelerator 20 
pedal, operability is different from the ordinary vehicles, 
and a danger may be caused. 

[01 93] Therefore, even when the driver steps on the 
clutch pedal and also the accelerator pedal, the electric 
motors are turned off so to have the operability of the 25 
ordinary vehicle. 

[0194] The above embodiment has been described 
with reference to the manual gear change operation in 
the HEV mode. But, it is also applied to a semi-auto- 
matic gear change or automatic gear change in the HEV 30 
mode as shown in Fig. 14 for example. 
In Fig. 14, a semi-automatic transmission or full auto- 
matic transmission is provided for the engine running 
system, and it is configured that the electric motors 
operate according to the operation of the accelerator 35 
pedal even when the clutch is in the open state. 
[0195] The semi-automatic transmission does not 
have a clutch pedal to be operated by the driver. When 
the driver operates the operation lever, the clutch is 
automatically engaged or disengaged. And, the auto- 40 
matic transmission does not have a clutch pedal to be 
operated by the driver, and the gear change operation is 
automatically effected according to the operation of the 
gas pedal by the driver and the speed. In those cases, 
while the clutch operation and the gear change opera- 45 
tion are automatically effected, the electric motors can 
be operated through the accelerator pedal. And, the 
driving forces of the electric motors can be applied to 
the vehicle while the gear change is being made. There- 
fore, driving according to the stepped-on quantity of the so 
accelerator pedal can be maintained. 
[0196] According to the hybrid vehicle of this 
embodiment described above, the engine running sys- 
tem and the electric motor running system are alterna- 
tively switched, so that an erroneous operation can be ss 
avoided, and safety can be improved further. 
[0197] Now, a first embodiment of a third invention 
will be described with reference to Fig. 15 and Fig. 16. 



[01 98] In Fig. 1 5, a hybrid vehicle 41 of this embod- 
iment has running wheels (driven wheels 42 and drive 
wheels 43), which are suspended at the front and rear 
of the main frame of an unillustrated vehicle body in the 
same way as in the previous embodiment. The driven 
wheels 42 are steered by the driver through the steering 
wheel, and the drive wheels 43 are rotationally driven to 
run the vehicle. As its drive source, an engine drive sys- 
tem based on a conventional internal combustion 
engine 44 and an electrical drive system based on elec- 
tric motors 45, 45 are mounted, and an arithmetic unit 
46 mounted on a hybrid system controller which 
switches them or operates in cooperation makes calcu- 
lation of the vehicle speed and controls spin which will 
be described afterward. 

[0199] A transmission 47 is arranged downstream 
of the engine 44, and wheel speed sensors 48, 48 are 
provided on the driven wheels 42, 42. A yaw sensor (not 
shown) for detecting a lateral acceleration (yaw rate) of 
the vehicle is arranged at appropriate positions of the 
vehicle. Reference numeral 49 is a storage battery. 
[0200] And, the hybrid vehicle 41 of this embodi- 
ment is designed that the rotation conditions of the 
respective wheels are monitored while the vehicle is 
running, and if the drive wheels rotate excessively to 
cause the tires to slip (skid), the number of rotations of 
the pertinent wheels are decreased to remedy the skid, 
and the rotation driving energy to be decreased may be 
recovered by regenerative generation as required. 
[0201] Namely, this engine drive system includes 
the internal combustion engine 44 which is mounted at 
the rear position of the vehicle body main frame, the 
transmission 47 which is connected to the output shaft 
of the engine 44 through an unillustrated clutch, and the 
drive wheels 43 and the drive wheel shafts connected to 
a gear change output shaft of the transmission 47. Unil- 
lustrated fuel tank for supplying a fuel to the engine 44 
and engine auxiliaries such as a fuel pump, piping, 
engine cooling device are arranged in the periphery of 
the engine 44 in the same way as in the aforesaid 
embodiment. 

[0202] The electric drive system includes the elec- 
tric motors 45, 45 respectively provided for the drive 
wheels 43, 43 and the storage batteries 49 for supplying 
electric energy to the respective electric motors 45, 45. 
Flow of the electric energy is controlled by the arithmetic 
unit 46 of the controller. 

[0203] Besides, the electric motors 45, 45 have as 
their operation modes a drive mode (powering) for 
externally outputting a driving force according to the 
stepped-on quantity of the accelerator pedal by the 
driver, a drive limit mode for limiting the driving force, 
and a regenerative mode for operating as an electric 
power generator by absorbing an external driving force. 
[0204] Specifically, the drive mode is an output 
operation of a general electric motor and controlled 
according to the stepped-on quantity of the accelerator 
pedal by the driver to externally output rotation torque 
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corresponding to the supplied drive power. At this time, 
output of the engine 44 according to the stepped-on 
quantity (i.e., accelerator opening angle) of the acceler- 
ator pedal by the driver and output of the electric motors 
45, 45 are transmitted to the drive wheels 43. 
[0205] In the drive limit mode, the driving electric 
power supplied to the electric motors 45, 45 according 
to the stepped-on quantity of the accelerator pedal by 
the driver is limited according to a magnitude of spin 
(skid). Thus, torque smaller than that in the drive mode 
according to the magnitude of skid is transmitted to the 
drive wheels. 

[0206] The regenerative mode is the same electric 
power generating operation as effected by a general 
generator. It converts the kinetic energy into the electric 
energy and outputs electric power according to the 
external driving force. Specifically, in the regenerative 
mode, generated energy from the electric motors 45, 45 
can be controlled to adjust the traction absorbed from 
outside, namely the drive wheels 43 to which the elec- 
tric motors are connected, and the rotation speeds of 
the drive wheels 43 can be lowered as desired. 
[0207] The wheel speed sensors 48 are respec- 
tively and exclusively provided for the driven wheels 42, 
42 to detect the number of rotations of the respective 
driven wheels so to presume a body speed of the hybrid 
vehicle. Meanwhile, the number of rotations of the elec- 
tric motors 45 is transmitted to the arithmetic unit 46 to 
determine the wheel speeds of the drive wheels 43. 
And, the arithmetic unit 46 compares a predicted body 
speed with the wheel speeds of the drive wheels 43, 
and when the difference exceeds respective thresholds 
which will be described afterward, it is judged that the 
drive wheels 43 are spinning, and it is controlled to rem- 
edy the spins. 

[0208] In other words, as the thresholds, an electric 
motor output control starting speed having a value 
exceeding the predicted body speed and an electric 
motor regenerative control starting speed having a 
value exceeding the electric motor output control start- 
ing speed are determined as shown in Fig. 16. And. the 
arithmetic unit 46 compares the predicted body speed 
with the wheel speeds of the drive wheels 43, and when 
it exceeds the electric motor output control starting 
speed and the electric motor regenerative control start- 
ing speed, it is judged that the drive wheels 43 are spin- 
ning, and controls are made separately to remedy the 
spin. 

[0209] In Fig. 15, lines 51 from the wheel speed 
sensors 48 to the arithmetic unit 46 and from the electric 
motors 45 to the arithmetic unit 46 indicate a speed sig- 
nal, lines 52 from the arithmetic unit 46 to the electric 
motors 45 indicate a torque command, and lines 53 
between the electric motors 45 and the storage batter- 
ies 49 indicate a flow of energy. 
[021 0] Now, particular operations of the hybrid vehi- 
cle 41 of this embodiment will be described. 
[0211] When the driver of the hybrid vehicle 41 



operates the accelerator pedal, the engine throttle 
opens to drive the engine and the electric motor output 
also becomes the drive mode (powering). 
[0212] When the throttle opening angle becomes 
5 large and the vehicle body speed becomes high, the 
arithmetic unit 46 compares the predicted body speed 
with the wheel speed of the drive wheel 43. As a result, 
when it is judged that the wheel speed exceeds the 
electric motor output control starting speed, the electric 
w motor output is limited (drive limit mode). 

[0213] Furthermore, when a level of spin becomes 
high and it is judged that the wheel speed exceeds the 
electric motor regenerative control starting speed, the 
electric motor which has been in the drive limit mode by 
75 then operates in the regenerative mode, the rotation 
speed of the drive wheel 43 is lowered to the same level 
as the driven wheel 42, and the rotation kinetic energy 
of the drive wheel 43 to be decreased is recovered as 
the electric energy into the storage batteries 49. 
20 [0214] In this embodiment, even when the drive 
wheel speed is decreased and becomes lower than the 
electric motor regenerative control starting speed and 
the electric motor output control starting speed, the 
electric motors are operated in the regenerative mode. 
25 This is because unless the speed of the drive wheel 43 
is decreased to some extent, rotations are increased 
soon, and the regenerative mode is immediately oper- 
ated accordingly. Thus, chattering might be caused. To 
avoid it, so-called hysteresis is provided. 
30 [0215] Thus, when the drive wheel 43 spins, the 
output limit (drive limit mode) of the electric motor and 
the regenerative mode are appropriately used to control 
so to remedy the spin of the drive wheel 43. 
[021 6] As described above, when the hybrid vehicle 
35 of this embodiment is running by both the electric 
motors and the engine and if one of the drive wheels 
spins by exceeding a predetermined speed, the power- 
ing (rotation output control) of the electric motor con- 
nected to the pertinent drive wheel is limited or it is 
40 controlled to make the regenerative operation of the 
electric motor. Thus, a speed reduction operation is 
made to remedy the spin (skid) of the drive wheel. 
[021 7] Prediction accuracy is high and control accu- 
racy can be enhanced because the output and load of 
45 the electric motors can be determined from the number 
of rotations and the input electric power. 
[0218] Besides, even when the driving force is con- 
tinuously controlled, stable control can be made 
because there is no negative factor such as generation 
so of heat. 

[021 9] And, when the regeneration of electric power 
is used, the vehicle's energy efficiency can be improved 
because excessive energy can be recovered. 
[0220] Thus, the operation of this embodiment is an 
55 electrical operation of the electric motor and good in 
quick response, and secure measures can be taken, 
and the spin can be remedied securely and quickly. 
Therefore, stable running can be made even when the 
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engine is driven at a relatively high speed, running per- 
formance can be improved, and favorable from a safety 
standpoint. 

[0221] As a result, running stability, cruising range 
and the like as the vehicle even on a bad road are 5 
improved, and a hybrid vehicle having an overall high 
performance can be obtained. 
[0222] Now, a second embodiment of the third 
invention will be described with reference to Fig. 17. 
[0223] The hybrid vehicle of this embodiment uses io 
TCS for controlling the engine in addition to the thresh- 
olds in the above first embodiment. 
[0224] Specifically, as shown in Fig. 17, respective 
thresholds of an engine control starting speed and a 
brake control starting speed are added to the structure 75 
of the aforesaid first embodiment 
[0225] More specifically, with a predetermined 
engine control starting speed and a brake control start- 
ing speed determined as the thresholds, the vehicle is 
provided with a throttle control device for controlling out- 20 
put of the engine and a second throttle, which is control- 
led by the throttle control device, arranged upstream of 
the throttle operated by the driver. 
[0226] In this case, the electric motor output control 
starting speed, the electric motor regenerative control 25 
starting speed, the engine control starting speed and 
the brake control starting speed are sequentially pro- 
vided in the order of increase. 
[0227] And, when the estimated vehicle body speed 
calculated as above and the wheel speed of the drive 30 
wheel 43 are compared, and if it is judged that the wheel 
speed exceeds the electric motor output control starting 
speed, the electric motor output is limited (drive limit 
mode). 

[0228] Besides, when a level of spin becomes 35 
large, it is judged that the wheel speed exceeds the 
electric motor regenerative control starting speed, then 
the electric motor which has been in the drive limit mode 
then operates in the regenerative mode, the rotation 
speed of the drive wheel 43 is decreased to the same 40 
level as that of the driven wheel 42, and the rotary 
kinetic energy of the drive wheel 43 with its rotation 
speed decreased is recovered as the electric energy 
into the storage batteries 49. 

[0229] The above described operations are the 45 
sane as in the above first embodiment, but this embodi- 
ment, when the drive wheels are judged to spin and the 
wheel speed of the drive wheels 43 exceeds the engine 
control starting speed or the brake control starting 
speed, the second throttle is controlled or the braking 50 
control of the drive wheels is performed. 
[0230] In this embodiment, when it is judged that 
the wheel speed of the drive wheel 43 exceeds the 
engine control starting speed, it is controlled to 
decrease the opening angle of the second throttle. 55 
[0231] Furthermore, when the level of spin 
increases and it is judged that the wheel speed exceeds 
the braking control starting speed, the braking control of 



the drive wheels 43 is performed. 
[0232] Thus, when the drive wheel 43 spins, the 
output limit (drive limit mode) of the electric motor, the 
regenerative mode, the second throttle and the brake 
* are selectively used to control so to remedy the spin of 
the drive wheels 43. 

[0233] As described above, according to the hybrid 
vehicle of this embodiment, when the vehicle is running 
by both the electric motors and the engine and the drive 
wheels exceed a predetermined speed and spin, it is 
controlled that powering (rotation output control) of the 
electric motor connected to the drive wheel is stopped 
or the regenerative operation of the electric motor is 
made, so that the speed is decreased to remedy the 
spin (skid) of the drive wheel. And, the TCS is added to 
the structure, so that the spin control can be made more 
securely and it is convenient because the advantages of 
each control can be used as required. 
[0234] In this embodiment, the electric motor output 
control starting speed, the electric motor regenerative 
control starting speed, the engine control starting speed 
and the brake control starting speed are sequentially 
arranged in the order of increase. Therefore, the electric 
motor is used before the TCS to control the spin of the 
drive wheel, and the energy efficiency can be improved 
further and the running performance can be prevented 
from lowering. 

[0235] Now, a third embodiment of the third inven- 
tion will be described with reference to Fig. 18. 
[0236] The hybrid vehicle of this embodiment is pro- 
vided with additional functions that a lateral acceleration 
(yaw rate) of the vehicle is detected when it is steered to 
make cornering, and the drive wheels are braked to 
lower the speed before the vehicle spins in the same 
way as the aforesaid traction control, thereby controlling \ 
the vehicle in the stable condition. 
[0237] Specifically, as shown in Fig. 18, the vehicle 
includes a yaw sensor for detecting a lateral accelera- 
tion of the vehicle and an arithmetic unit which controls 
the output of the electric motors with predetermined 
electric motor output control starting yaw sensor output 
and electric motor regenerative control starting yaw 
sensor output as the thresholds. When the throttle of the 
engine is open by the operation effected by the driver, 
the output control of the electric motors is started, and 
when the output exceeds the thresholds, the output of 
the electric motor driving the drive wheel is controlled. 
[0238] When the accelerator is operated by the 
driver of the hybrid vehicle 41 , the throttle of the engine 
is open, the engine is driven and the output of the elec- 
tric motors is also in the drive mode (powering). 
[0239] In this embodiment, the vehicle is making a 
left turn, and a steering level and a throttle opening 
angle are constant. And, when the yaw sensor exceeds 
a first sensor level, it is judged that a spin may be 
caused, and the output of the electric motors is limited 
(drive limit mode). 

[0240] Besides, when a level of the lateral accelera- 
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tion increases and it is judged that the yaw sensor 
exceeds a second sensor level, the electric motor which 
has been in the drive limit mode then operates in the 
regenerative mode, the rotation speed of the drive 
wheel 3 is decreased, and the rotary motion energy of 5 
the drive wheel 43 decreased is recovered as the elec- 
tric energy into the storage batteries 49. 
[0241] In this embodiment, H is designed that even 
when the drive wheel speed is decreased to be smaller 
than the electric motor regenerative control start yaw 10 
sensor output and the electric motor output control start 
yaw sensor output, the electric motor is operated in the 
regenerative mode. This is because unless the speed ol 
the drive wheel 43 is decreased to some extent, rota- 
tions are increased soon, and the regenerative mode is is 
immediately operated accordingly as described above. 
Thus, chattering might be caused. To avoid it, hysteresis 
is provided. 

[0242] Thus, when the drive wheel 43 spins, the 
electric motor output limit (drive limit mode) and the 20 
regenerative mode are appropriately used as required 
so to control to prevent the drive wheels 43 from spin- 
ning. 

[0243] As described above, according to the hybrid 
vehicle of this embodiment, when the vehicle is running 25 
by the electric motors or by both the electric motors and 
the engine, and one of the drive wheels exceeds a pre- 
determined turning acceleration, it is controlled to stop 
the powering (rotation output control) of the electric 
motor connected to that drive wheel or to make the 30 
regenerative operation of the electric motor, so that the 
speed is decreased to prevent the drive wheel from 
spinning. 

[0244] In the same way as in the aforesaid embodi- 
ment, the operation of this embodiment is an electrical 35 
operation of the electric motor, so that it is good in quick 
response, can take secure measures, and remedies the 
spin securely and quickly. Therefore, stable running can 
be made even when the engine is driven at a relatively 
high speed, running performance can be improved, and 40 
it is favorable from a safety standpoint. 
[0245] As a result, the running stability, cruising 
range and the like as the vehicle even on a bad road are 
improved, and a hybrid vehicle having an overall high 
performance can be obtained. 45 
[0246] The above embodiment has been described 
with reference to the left turning of the vehicle, but it is to 
be understood that the same can be applied to the right 
turning of the vehicle. 

[0247] An embodiment of a fourth invention will be si 
described with reference to the drawings. 
[0248] In Fig. 19 to Fig. 22. a hybrid vehicle 101 of 
this embodiment includes running wheels (front wheels 
102 and rear wheels 103). which are suspended at the 
front and rear of the main frame of an unillustrated vehi- si 
cle body in the same,way as in the previous embodi- 
ment. The front wheels 102 are steered by the driver 
through the steering wheel, and the front and rear 



wheels 102, 103 or the rear wheels 103 are rotationally 
driven to run the vehicle. As its drive source, an engine 
drive system based on a conventional internal combus- 
tion engine E and an electrical drive system based on 
electric motors M. M are mounted, and a hybrid system 
controller (not shown), which switches them or operates 
in cooperation by means of an operation lever, is pro- 
vided. 

[0249] A clutch 104. a one-way clutch 105 and a 
transmission 106 are mounted downstream of the 
engine E. and a driving force is transmitted from the 
transmission 106 to the rear wheels 103 through a dif- 
ferential gear 107 and CJ joints 108. Symbol B indicates 
a storage battery. 

[0250] Unillustrated fuel tank for supplying a fuel to 
the engine E and engine auxiliaries such as a fuel 
pump, piping, engine cooling device are arranged in the 
periphery of the engine E in the same way as in the 
aforesaid embodiment. 

[0251] The electric motors M for rotating the front 
and the rear wheels 102, 103 are respectively mounted 
to transmit their rotation forces through respective 
reduction gears 109, 110. 

[0252] The hybrid vehicle 101 of this embodiment 
has as its operation modes an engine running mode for 
outputting a driving force of the engine E according to 
the stepped-on quantity of the accelerator pedal by the 
driver, an engine/electric motor-based running mode for 
outputting the driving forces of both the engine E and 
the electric motors M (hereinafter the engine running 
mode and the engine/electric motor-based running 
mode are referred to as the HEV mode in the same way 
as the above described embodiment), and an electric 
motor running mode (hereinafter called EV mode) for 
outputting the traction of the electric motor M only. 
[0253] As described previously, the engine running 
mode is a mode that an throttle opening angle is varied 
according to a stepped-on quantity of the accelerator 
pedal by the driver to increase the torque of the engine 
E. The engine/electric motor-based running mode is a 
mode that the driving forces of the electric motors M are 
also used together with the driving force of the engine E 
and the electric current values of the electric motors are 
increased to increase the motor torque according to the 
stepped-on quantity of the accelerator pedal by the 
driver. The electric motor running mode is a mode to 
drive the vehicle by the driving forces of the electric 
motors M only as described above, and the electric cur- 
rent values of the electric motors are increased to 
i increase the motor torque according to the stepped-on 
quantity of the accelerator pedal by the driver. In this 
mode, the motor torque values with respect to the throt- 
tle opening angle can be made larger because the vehi- 
cle is driven by the motors only. 
> [0254] In the HEV mode, the revolutions of the 
engine E are transmitted to the clutch 104. the one-way 
clutch 105, the transmission 106, the differential gear 
107 and the CV joints 108 so to drive to rotate the rear 
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wheels 103 as described above. 
[0255] In the HEV mode, the throttle opening angle 
is variable accordng to the stepped-on quantity of the 
accelerator pedal by the driver, and when the electric 
motors M are used together, the electric current values 5 
of the electric motors M are also variable according to 
the stepped-on quantity of the accelerator pedal by the 
driver, but a magnitude of change is calculated by a 
controller so to produce an appropriate rotation driving 
force. w 
[0256] In the EV mode, the electric current values of 
the electric motors M are variable according to the 
stepped-on quantity of the accelerator pedal by the 
driver, and an optimum rotation driving force is output 
according to the calculation made by the controller. is 
[0257] In both the HEV mode and the EV mode, 
when the vehicle is running, for example, a long down- 
ward slope, the rotations of the front and rear wheels 
102, 103 are converted from the kinetic energy into the 
electric energy by using the electric motors M, M as the 20 
generators, and the electricity generated by the electric 
motors M, M can be charged into the storage batteries 
B. When the regeneration of electric power is used, 
excessive energy can be recovered, so that the energy 
efficiency of the vehicle is improved. 25 
[0258] As shown in Fig. 23 which is an enlarged 
view of the clutch of the above hybrid vehicle 101 of this 
embodiment, the one-way clutch 105, which includes an 
outer lace 151, an inner lace 152 and a sprag 153 
arranged between them, is mounted downstream of the 30 
clutch 104. This one-way clutch 105 transmits the 
engine torque in a drive direction only. 
[0259] By providing the one-way clutch 105 which 
transmits the engine torque in the drive direction only as 
described above, a transmission route which reversely 35 
transmits the rotations of the wheels to the engine is 
interrupted by this one-way clutch 105, so that the 
kinetic energy of the vehicle can be recovered to its 
maximum by the regenerative braking function of the 
electric motor. As a result, the kinetic energy is not lost 40 
as a mechanical loss of the engine as before, and the 
energy efficiency can be improved. 
[0260] In addition, in this embodiment, a parking 
gear 154 is integrally provided on the outer lace 151 on 
the opposite side of the clutch, namely downstream of 45 
the one-way clutch 105, and as shown in Fig. 24, a 
parking mechanism 156 having a hook 155 which is 
engaged with or disengaged from the parking gear 154 
is also provided. This parking mechanism 156 may be a 
conventional one. For example, it is configured that the so 
operation by a select bar 561 is transmitted to a parking 
pole 566 through a select rod 562, a manual lever 563, 
a manual plate 564 and a parking rod 565, and the hook 
1 55 attached to the parking pole 566 is engaged with or 
disengaged from the parking gear 1 54. 55 
[0261] In Fig. 23, the clutch 104 is arranged 
upstream (left side in the drawing) of the one-way clutch 
105. Reference numeral 141 is a clutch assembly. 142 



is a clutch disk, and 143 is a clutch release cylinder. 
Generally, a clutch drum is integrally formed with the 
engine, so that when a conventional engine is used, the 
one-way clutch 105 is located downstream of the clutch 

104, but the one-way clutch 105 may be arranged 
upstream of the clutch 104. In this sense, the one-way 
clutch is provided next to the clutch. 

[0262] By providing the aforesaid one-way clutch 

105, the function of securely stopping the vehicle when 
it is parked is lowered. But, the function of a parking 
brake can be provided by arranging the parking gear 
154 as in this embodiment and having the parking 
mechanism 156 which has the hook 155 to engage with 
or disengage from the parking gear, so that the parking 
gear is locked by the hook to prevent the rotations of the 
shaft and the wheels connected to the shaft. 

[0263] In this embodiment, as shown in Fig. 25, a 
shaft 131 of the rear wheels 103 is engaged with the CV 
joint 108 and a CV joint housing 180. And, the CV joint 
housing 180 is connected to an output shaft 171 of the 
differential gear 107. Thus, the driving force from the 
engine E is transmitted to the CV joint housing 1 80, and 
a power transmission gear 181 is attached to the CV 
joint housing 180 to transmit the driving force from the 
electric motors M to the CV joint housing 180 through 
the power transmission gear 1 81 . 
[0264] More specifically, a ridge 180a is integrally 
formed on the outer periphery of the CV joint housing 
180. and a spline 181a is formed on the inner wall of the 
power transmission gear 181 so to fit to the ridge 180a. 
After assembling them, the movement of the power 
transmission gear 181 in a thrust direction is fixed by an 
inner lace 182a of a ball bearing 182 for supporting the 
CV joint through a collar 1 83. 

[0265] Thus, the CV joint housing 180 is deter- 
mined to be the transmission route from the electric 
motors M, so that the motor torque can be transmitted to 
the drive shaft in a distance as short as possible, and a 
position of arranging the electric motors M can be deter- 
mined with enhanced flexibly. Therefore, since the 
power of the electric motors M can be transmitted in the 
vicinity of the drive wheel (rear wheel 103) without 
through the differential gear 107, the space of mounting 
the electric motors M can be saved, and the number of 
components can be decreased. 
[0266] Since the rotation of the electric motors M 
corresponds to that of the wheels in a ratio of one to 
one, the control of rotations (e.g., ABS. TCS, etc.) of the 
wheels by the electric motors M, M attached to the 
respective wheels 102, 103 is facilitated. 
[0267] In this embodiment, an intermediate gear 
184 is interposed between the power transmission gear 
181 and the electric motors M to decrease the number 
of rotations of the electric motors M. A drive gear 185 is 
fixed to the output shaft of the electric motors M, the 
intermediate gear 184 is engaged with the drive gear 
185, and the intermediate gear 184 is engaged with the 
power transmission gear 181 . 
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[0268] Generally, the number of rotations of the 
electric motors is larger than that of the wheels, so that 
appropriate motor torque can be transmitted by provid- 
ing a decelerating mechanism (corresponding to the 
reduction gear 110 of Fig. 19 and Fig. 20) as in this 5 
embodiment. 

[0269] As shown in Rg. 25, deceleration gear cas- 
ings 186, 187 for housing the power transmission gear 
181, the intermediate gear 184 and the drive gear 185 
are provided. The deceleration gear casings 186, 187 10 
serve to mount the electric motors M and the intermedi- 
ate gear 1 84 and also to be a side cover of the transmis- 
sion casing. Therefore, they contribute for reduction of 
the number of components and the weight of the struc- 
ture. 15 
[0270] According to the above described embodi- 
ment, a manual transmission mechanism efficient and 
optimum for the hybrid vehicle can be obtained. 

INDUSTRIAL APPLICABILITY 20 

[0271] The hybrid vehicle according to the present 
invention is provided with improved running efficiency 
and performance, so that it is suitable to be used as a 
practical vehicle which can reduce an amount of carbon 25 
dioxide emissions. 

Claims 

1. A hybrid vehicle, including an engine operated by so 
burning a fuel and electric motors operated by elec- 
tric energy, characterized in that: 

at least one pair of right and left wheels are 
linked with both an engine drive system and a 35 
motor drive system, and when either of the 
wheels skids to rotate excessively while the 
vehicle is driven by the engine, the motor con- 
nected to that wheel is made to effect regener- 
ative operation to brake it so to remedy the skid 40 
of the wheel. 

2. The hybrid vehicle according to claim 1 , wherein 
running traction which becomes insufficient due to 
the skid is supplemented by driving the other wheel 45 
by the motor by using electric energy recovered by 
the regenerative operation. 

3. The hybrid vehicle according to claim 1 or 2, 
wherein the motor driving force is distributed to so 
compensate the traction balance of the respective 
wheels lowered due to the skid. 

4. The hybrid vehicle according to any one of claims 1 

to 3, wherein the motors are arranged to be drivable 55 
for recharging by the engine, and the wheels linked 
to the engine running drive system are mounted to 
be disengageable from the engine. 
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5. A hybrid vehicle including an engine operated by 
burning a fuel and electric motors operated by elec- 
tric energy, characterized in that: 

a transmission includes a first operation sec- 
tion to change gears of at least an engine run- 
ning system and a second operation section to 
switch between forward and backward drives of 
an electric motor running system; 
both the operation sections have a neutral lever 
position formed commonly; and 
an operation lever is provided to be operable in 
both the operation sections so to alternatively 
switch between the engine running system and 
the electric motor running system. 

6. The hybrid vehicle according to claim 5, wherein a 
seesaw switch, which is switched when the opera- 
tion lever passes by, is provided between the neu- 
tral lever position of the engine running system and 
the neutral lever position of the electric motor run- 
ning system in the commonly formed neutral lever 
position. 

7. The hybrid vehicle according to claim 5 or 6. 
wherein the operation lever is provided with a 
switch for starting the engine. 

8. The hybrid vehicle according to claim 6. wherein 
the engine running system is provided with a clutch, 
the seesaw switch is switched by shifting the opera- 
tion lever from the first operation section to the sec- 
ond operation section to stop the engine and to fix 
the clutch in an open state, and the seesaw switch 
is switched by shifting the operation lever from the 
second operation section to the first operation sec- 
tion to release the clutch from the open state. 

9. The hybrid vehicle according to claim 8, wherein 
even when the operation lever is shifted from the 
second operation section to the first operation sec- 
tion, the operation lever cannot be shifted into the 
first operation section as the seesaw switch is fixed 
in the fixed state when the engine is not operating. 

10. The hybrid vehicle according to claim 5, wherein 
the engine running system is provided with a clutch, 
and the electric motors are turned off when the 
clutch is in an open state. 

11. The hybrid vehicle according to claim 5, wherein 
the engine running system is provided with a semi- 
automatic transmission or a full automatic transmis- 
sion, and the electric motors are operated by oper- 
ating an accelerator pedal even if the clutch is in the 
open state. 

12. A hybrid vehicle including an engine operated by 
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burning a fuel and electric motors operated by elec- 
tric energy, characterized by: 

a wheel speed sensor connected to each 
driven wheel; and s 
an arithmetic unit which calculates a vehicle 
speed from a signal output from the wheel 
speed sensor, calculates a wheel speed of a 
drive wheel from the number of rotations of an 
associated electric motor, and controls output 10 
of the associated electric motor with a prede- 
termined electric motor output control starting 
speed and electric motor regenerative control 
starting speed determined as thresholds. 

15 

13. A method of controlling running of a hybrid vehicle 
including an engine operated by burning a fuel and 
electric motors operated by electric energy, charac- 
terized in that: 

so 

the vehicle has a wheel speed sensor con- 
nected to each driven wheel and an arithmetic 
unit which calculates a vehicle speed from a 
signal output from the wheel speed sensor, cal- 
culates a wheel speed of a drive wheel from the 2s 
number of rotations of the an associated elec- 
tric motor, and controls output of the associ- 
ated electric motor with a predetermined 
electric motor output control starting speed and 
electric motor regenerative control starting 30 
speed determined as thresholds; and 
output control of the associated electric motor 
is started when an engine throttle is opened by 
the driver, a vehicle speed estimated by calcu- 
lating and the wheel speed of the drive wheel 35 
are compared, and when it is judged that the 
drive wheel is spinning, output of the associ- 
ated electric motor which drives that drive 
wheel is controlled. 

40 

14. The method of controlling running of a hybrid vehi- 
cle according to claim 13, wherein: 

the vehicle is provided with a throttle control 
device for controlling output of the engine and a 45 
second throttle controlled by the throttle control 
device and arranged upstream of the throttle 
operated by the driver with a predetermined 
engine control starting speed and brake control 
starting speed determined as thresholds; and so 
the vehicle speed estimated by calculating and 
the wheel speed of the drive wheel are com- 
pared, and when it is judged that the drive 
wheel is spinning and the wheel speed of the 
drive wheel exceeds the engine control starting 55 
speed or a brake control starting speed, the 
second throttle is controlled or the braking con- 
trol of the drive wheel is performed. 



15. The method of controlling running of a hybrid vehi- 
cle according to claim 14, wherein the electric 
motor output control starting speed, electric motor 
regenerative control starting speed, engine control 
starting speed and brake control starting speed are 
sequentially provided in the order of increasing 
speed. 

16. A hybrid vehicle including an engine operated by 
burning a fuel and electric motors operated by elec- 
tric energy, characterized by: 

a yaw sensor for detecting a lateral accelera- 
tion of the vehicle; and 

an arithmetic unit for controlling output of the 
electric motors with a predetermined electric 
motor output control starting yaw sensor output 
and electric motor regenerative control starting 
yaw sensor output determined as thresholds. 

1 7. A method of controlling running of a hybrid vehicle 
including an engine operated by burning a fuel and 
electric motors operated by electric energy, charac- 
terized in that: 

the vehicle is provided with a yaw sensor for 
detecting a lateral acceleration of the vehicle 
and an arithmetic unit for controlling output of 
the electric motors with a predetermined elec- 
tric motor output control starting yaw sensor 
output and electric motor regenerative control 
starting yaw sensor output determined as 
thresholds; and 

output control of the electric motors is started 
when the engine throttle is opened by the 
driver, and output of the electric motors driving 
the drive wheels is controlled when it exceeds 
the thresholds. 

18. A hybrid vehicle including an engine operated by 
burning a fuel and electric motors operated by elec- 
tric energy, and a clutch provided between the 
engine and a transmission, characterized in that 

a one-way clutch is arranged next to the clutch; 
and 

the one-way clutch transmits engine torque in a 
drive direction only. 

19. The hybrid vehicle according to claim 18, wherein 
the shaft of the drive wheel is linked with a CV joint 
and a CV joint housing, and a power transmission 
gear is fitted to the CV joint housing to transmit a 
driving force from the electric motor to the drive 
wheel through the power transmission gear. 

20. The hybrid vehicle according to claim 19, wherein 
an intermediate gear is interposed between the 



20 

BNSDOCID: <EP 1018451A1 J_> 



39 EP1 018 451 A1 40 



power transmission gear and the electric motor to 
decrease the number of rotations of the electric 
motor. 

21. The hybrid vehicle according to claim 18, wherein a 
parking gear is arranged downstream of the one- 
way clutch, and a parking mechanism having a 
hook for engaging with or disengaging from the 
parking gear is provided. 
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ELECTRIC MOTOR REGENERATIVE 
DRIVE WHEEL SPEED CONTROL STARTING SPEED 
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FIG. 77 



ELECTRIC MOTOR REGENERATIVE 
DRIVE WHEEL SPEED CONTROL STARTING SPEED 
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